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FIELD OF THE INVENTION 

The present invention relates to a method for source decoding a 
variable-length soft-input codewords sequence into a soft-output bit se- 
quence. 

5 Such a method may be used in any system using variable-length 

codes like, for example, a video or audio communication system. 
BACKGROUND OF THE INVENTION 

A video communication system typically comprises a source encod- 
ing system, a channel and a source decoding system. The source encoding 
10 system generates variable-length codewords sequences and transmits them 
over the channel to the source decoding system that decodes them thani<s 
to a shared code. 

Variable-length codes, which are widely used In video coding stan- 
dards for their compression capabilities are very sensitive to channel errors. 
15 As a matter of fact, when some bits are altered by the channel, synchronisa- 
tion losses can occur at the receiver side, possibly leading to dramatic sym- 
bol error rates. This phenomenon has led to introduce modified variable- 
length codes such as e.g. self-synchronising Huffman codes, reversible vari- 
able-length codes. 

20 Another solution is to re-introduce redundancy in the bitstream by 

inserting an enror connecting code In the chain. The key point of the latter so- 
lution is to appropriately use the residual source redundancy at the decoding 
side. Being considered as a form of implicit channel protectton by the de- 
coder, this redundancy can t>e exploited as such to provide error correction 

25 capability of the variable length coded source. 

Recent wori< showed that low-cx)mplexlty approximate MAP (Maxi- 
mum A Posteriori) decoders could be used, that provide approximately the 
same performance as all existing soft decoding algorithms while exhibiting a 
complexity close to the hard decoding case. Such a decoder is disclosed in 

30 [L. Penos-Meiihac and C. i^my. "Huffmann tree based metric derivation for 
a low-complexity sequential soft VLC decoding", in Proceedings of ICC'02, 
volume 2, pages 783-787, New York, USA, April-May 2002]. 

Even though MAP algorithms exist and provide very good results in 
temis of error correction, they are very complex. On the other hand, stack 
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algorithms, as the one disclosed in [Buttigieg : "Variable-length error- 
correcting codes" PhD thesis, University of Manchester, United Kingdom, 
1995] are much less complex and can reach similar performance. However, 

they-are-primarily-symboHevel-deeoding-algorlthms-and-thus-are-not-well- 

5 adapted to provide reliability infonmation on bits. 

The aim of the invention is to provide a method for source decoding 
a variable-length soft-input codewords sequence worlcing at a bit level and at 
low complexity for VLC codes. 
SUMMARY OF THE INVENTION 
10 The subject matter of the invention Is a method for source decoding 

a variable-length soft-input codewords sequence as defined in claim 1. 

in addition, there is provided a source decoder for decoding a vari- 
able-length soft-input codewords sequence as defined in claim 1 0. 
Additional features are disclosed in the other claims. 
15 As we will see in detail further on, such a method has the advantage to pro- 
vide a reliability information (or soft-output) on the decoded sequences, al- 
lowing to select paths in a tree in an increasing order of their metric value. 
Thus, by searching for only useful codewords, the proposed method is very 
efficient in term of CPU cost, complexity and time, as many other paths in 
20 flie decoding tree are not considered anymore. The soft-output in forrnation 
allows then to perform Iterative joint decoding when the VLC encoder has 
been concatenated wiOn another. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood from reading the following 
25 description which is given solely by way of example and in which reference 
Is made to the drawings, in which : 

' - figure 1 is a general schematical view of a transmission chain, 
comprising an encoder and a decoder according to the invention; 

- figure 2 is a VLC codewords table associated with the variabie- 
30 length codewords sequences used in the encoder and the decoder of figure 

1 : 

t 

- figure 3 Is a detail view of a joint decoder of figure 1 Including a 
decoaer accordfng lo xiWinveiTtlonl 
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- figure 4 is a flow chart of the soft-input soft-output variable- 
length codewords sequence decoding method according to the invention ; 

- figure 5 Is a representation of a tree associated with the VLC table 
of figure 2 ; 

- figure 6, 7 and 8 are representations of concatenated code trees 
associated with the VLC table of figure 2 created during Implementation of 
the decoding method according to the invention; and 

- figures 9 and 10 are graphs showing perfonnances of the method 
according to the invention compared to other method. 

DETAILED DESCRIPTION OF THE INVENTION 

A transmission chain for joint decoding between convolutional code 
and variable-length code Is shown on figure 1 . 

This transmission chain comprises a transmitter 1 and a receiver 2. 

Variable-lengths codes (VLC) are used in the transmission chain to 
reduce the length of the transmitted bitstreams. 

The transmitter 1 Includes a variable length source 10 which Is 
adapted to output a random VLC symbols sequence s according to chosen 
VLC codewords probabilities. 

At the output of the VLC source, the transmitter 1 comprises a vari- 
able length encoder 12, a pseudo-random Interteaver 14, a systematic con- 
volution (CC) encoder 16, a pundurer 18 and a BPSK modulator 20. 

The random VLC symbols sequence s Is encoded In the VLC en- 
coder 12 which Is a adapted to map the received symbols, for example 
grouped Into packets of R symbols, to a T-bit VLC sequence denoted x [1 :T|. 
The bit sequence x [1:T] is created, as known per se, following the rule 
edicted by a VLC table. An example of VLC table is given on figure 2. 

In the VLC table, the code C Is defined as follows. A codeword is 
associated with a symbol Si, a codeword having a predetermined length. A 
value of a codeword represents as well the value that can be taken by the 
associated symbol SI. Besides, to each codeword, a probability of appear- 
ance P (Sk) is associated. 

Each sequence x [1 :T] is then permuted by the interteaver 14 to ob- 
tain an interieaved sequence x [1 : T]. 
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This Interleaved sequence x [1 : T] Is given as Input to the system- 
atic convolutlonal encoder 16. The coded sequence denoted v [1 : T x n/k] at 
the output of the CC encoder 16 Is eventually punctured by the puncturer 18 
Trrofi3ef~t6~§t^n^hre"nwlshed-traTismte 
modulator 20 and transmitted over a channel with variance a^. 

The receiver 2 includes a demodulator 30, an eventual depuncturer 
32 and an iterative decoder or joint decoder 34. 

The depuncturer 32 is adapted to introduce into the received se- 
quence, a zero-value samples to replace the samples removed from the 
coded sequence by the puncturing operation. The depunctured sequence 
denoted z [1 : T x n/k] is then decoded by the iterative decoder 34, the flow- 
chart of which Is detailed on figure 4. 

As shown on figure 3, the Iterative decoder 34 comprises a soft- 
input soft-output (SISO) CC decoder 42 and a soft-Input soft-output (SiSO) 
VLC decoder 44 according to the invention. The reliability information pro- 
vided by the CC (resp. VLC) decoder is interleaved In 46 (resp 48) and Is 
used to Improve the decoding of the VLC (resp. CC) decoder. 

The SISO CC decoder 42 is for example as disclosed In [L. Bahl, J. 
Cocke, F. Jellnek, and J. Ravlv. "Optimal decoding of linear codes for mlnl- 
. mizing symtjol error rate". IEEE Transactions on Information Theory, 20:284- 
287, March 1974]. 

For decoding a sequence y [1 : T], and as known per se, the SISO 

VLC decoder 44 Is adapted to compute a soft-output In the fomn of the log a 

posteriori ratio A(x[t]) : 

P(x[t] = lly[1:T]) , , , ^ 
A(x[t]) = log ^,\,, J I " for 1 ^ t ^ T, 
\ I J/ '^P(x[t] = 0ly[1:T]) 

and a hard bit estimate sequence denoted xv [1 : T] or a hard symbol esti- 
mate sequence denoted §v [1 : R]- The hard symbol estimate sequence is 
derived from the hard bit estimate sequence by applying the VLC table. 

The VLC SISO decoder 44 will derive the reliability Information on 
bits A (x[t]) by taking into account the a priori knowledge It had on the VLC 
encoder. In this c ase, the a p riori k nowle d ge will consist in a VLC tree struo- 
ture derived from the VLC table, the occurrence probabilities of the symbols 
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P (Sk) and any other source side Information denoted SSI, such as 
possibly the number of symbols of the concerned sequence. 

A summary of the Iterative decoding method Is given hereafter. 

1. Initialise <I><°J[t] « 0. 

2. For Iterations r = 1 , 2, .... I, where I is the total number of iterations 

• compute 7fl\l : T] applying a SISO CC decoder using the 
depunctured received sequence z[1 : T x n/k] as observation and <£> (r - 1) [1 
: T] as a priori probabilities ratio, 

• compute^g) [t] = [t] - ^'-»[t] for 1 ^ t ^ T. 

• compute y^'\t] - ^ [t] for 1 ^ t ^ T, 

• compute [t] applying a SISO VLC decoder 44 using y<'> [1 : 
T] as observation, 

• compute ^'>[t] = A^'> It]- jj^M fori ^t^T, and 

• compute (^^'\t] - Ev W for 1 :S t ^ T. 

More precisely, the Iterative decoding process takes place as follows : 
At the r* Iteration, the CC decoder's Input consists In the depunctured se- 
quence z[1 : T X n/k] and the a priori probabilities ratio <& ^'^•^> (1 : T] of the 
Interleaved sequence denoted x [1 : T] obtained at previous iteration. The 
CC decoder 42 provides the a^^[1 : "Q output sequence. 

At this same r^ iteration, the VLC decoder 44 takes as Input the ob- 
servation sequence y<') [1 : T] derived of the CC decoder output sequence, 
the a priori probabilities of VLC symbols as well as any other available 
source side Infomiatlon SSI and provides the A^ [1 : T] output sequence. 

To have each decoder taking advantage of the Iterative process, In- 
dependent Information must be exchanged between the two decoders, that 
is the so-called extrinsic infonnation. eVI^] and e^U*] are defined as the ex- 
trinsic information about the bit t provided respectively by the CC decoder 
42 and by the VLC decoder 44. 

forrki, 

E^nt] = A^ra-^r'^ra. 
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where Ev^M is set equal to zero. 

The CC extrinsic Information [1 : T] sequence scaled by 12 Is 
used as observation for the r* Iteration of VLC decoder, thus y<'>[t] = 

5 The Interleaved VLC extrinsic Infomiatlon e*^[1 : T) Is used as a priori 

probabilities ratio estimate for the r + 1* iteration of the CC decoder 42, 
<l>«[tl=:E^>l1:T]. 

The SISO VLC decoder 44 implements a soft-input soft-output (SISO) 
stacl< method, the algorithm of which is disclosed on figure 4. 
The method proceeds in two main stages : 
10 - a hard decoding stage 100 for estimating an hard transmitted VLC 

sequence ; and 

- a post processing stage 102 for deriving the soft values. 

The first main stage 100 of the method consists In applying a stack 
sequential decoding algorithm on a "huge" tree formed by concatenating 
15 several times a considered Huffman tree until for example the number of bits 
and the number of symbols in the considered sequence are reached. 

The first step 111 of the hard decoding stage 100 consists in creating 
a structure tree by defining relationships between nodes and computing an a 
priori probability associated with each branch of the tree. The unitary Huff- 
20 man tree conresponding to VLC codes of figure 2 Is shown on figure 5. 
Such a tree comprises a plurality of : 

- nodes N, a plurality of nodes corresponding to a possible codeword 
or a symbol SI ; 

- branches B, a metric M being associated with each branch B. A 
25 branch B is composed of two nodes N, in other words, from ia node N, one or 

two branches can be created, a "left" branch and a "righr branch ; a branch 
has an associated bit value 0 or 1 ; 

- paths, a path representing a decoded bit sequence. 

A path comprises a plurality of branches B and goes from an initial 
30 node NOO to a succeeding node which may be a symbol Si. 

Besfdes, a tree hasdifferent levels, ttie first ofie'belng the leveTTK ' 
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At step 112, a stack is defined. This stacl^ is memorized at eacti step 
of tiie hard decoding stage 100 in order to be later used during the post 
processing stage 102. 

The stacl< contains : 

S - a matrix containing selected "paths" /.e. the sequence of node in- 

dexes forming these paths, 

- a vector of Integers storing for each path in the stack the number of 
decoded bits up to the current time, 

a vector of integers storing for each path in the stack the number of 
10 decoded symbols up to the current time, and 

- a vector of float storing for each path in the stack the associated 
cumulative metric. 

The stack is initialised by placing the initial node NOG with metric 0 in 
the stack. Initial node NOO Is considered as being the top path in the decod- 
IS ing stack. 

At step 113, a metric of the succeeding branches of the last node of 
the top path is computed. 

As sequential decoding methods compare sequences of different 
lengths, a specific metric is used. For each node / in the set Np, the metric 
20 associated to the branch leading to this node at time t is defined as follows : 

mft y[t]) = - log P(y[t]/v(l)) - log pt(l) + log Po(y[t]). 

• Np : the set of nodes having a predecessor, 

• pt{l) (/ e Np): the a priori probability of the branch reaching the 
node / at time t, 

• . v{l) (/ e Np): the value of the branch reaching the node /, v{l) e 

25 {0,1}; 

• Po(y [t]) : a Fano - Massey metric which allows to compare fairiy 
sequences of different lengths. 

The term pt (I) will in practice be approximated by the a priori probabil- 
ity of the branch p(l) for simplicity reason. This last quantity can be directly 
30 obtained from the tree representation of the VLC table and the codeword 
probabilities. which are assumed to be known by the decoder as explained in 
[L. Guivarch, J.-C. Carlach, and P. Siohan. "Joint source-channel soft decod- 
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ing of Huffman codes with turbo- codes". In Proceedings of the Data 
Compression Conference (DCC'OO). pages 83-91, Snowbird, Utah, USA, 
March 2000]. 

^At-step-1-14r-a~test~is~perfQrmed-t0-deteprnine--whether~an-extended' 

5 path reaches a synnbol node. An extended path consists In the current path 
concatenated with a possible succeeding branch. 

If such a symbol node is reached by an extended path, the number of 
symbols associated to this path Is increased at step 115. 

The increasing of the number of symbols consists in concatenating 
10 the considered unitary Huffmann tree corresponding to the VLC codes with 
the initial node at the symbol node reached by the extended path. 

The top path is deleted from the stack at step 116. The top path Is the 
path mentioned in the first line of the staclc. It is also the path of the stack 
having the smallest cumulative metric. 
15 The extended paths are then inserted in the stack at step 117. 

The cumulative metric of each new top path is computed and stored 
in the stack. The cumulative metric is equal to the cumulative metric of the 
previous top path Increased with the metric of the branch added to obtain the 
extended path. 

20 At step 1 18, a new top path Is selected. The new top path selected is 

the path of the stack having the smallest cumulative metric among the paths 
listed in the stack. 

Next, it is checked if stop conditions are verified at step 121. The stop 
conditions are for example that the top path contains the number of bits and 
25 the number of symbols of the original sequence. 

If stop conditions are verified at step 121 , then step 122 is carried out. 
Otherwise, step 114 and followings are repeated. 

During the hard decoding stage 100, the content of the stack is stored 
at each step. 

30 At step 122 corresponding to post processing stage 102, soft-output 

values are derived from the cumulative metrics of paths considered in hard 
decoding stage 100 and stored in the stack. Post processing stage algorithm 
win be disciosed'latefr : 

An illustrated example o f hard de coding stage 100 is given hereafter. 
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^teP creation of the structure tree by defining 

relationships between nodes computing the a priori probability associated 
with each branch. 

Step 112 : initialization of the stack 
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last node NOO. 

They are calculated as follows : 
M(N0O-N1O) = M10 
M(N00-N11)=:M11. 

^t®P The extended path reaching node N10 reaches a symbol 
node. Thus, step 115 Is Implemented for node N10. 

^*QP '''^5 : concatenation of the considered unitary Hufmann tree with 
the initial node at the reached symbol node N10. The resulting tree is shown 
on figure 6. 

Steps 116 & 117: deletion of the top path PTHOO from the stack and 
insertion of the extended paths In the stack 



Cumulative metric 


Node 


PTH 


Nb of bits 


Nb of symbols 


0 




PTHOO 


0 


0 


M10 


N0O-N1O 


PTH10 


1 


1 


M11 


N00-N11 


PTH11 


1 


0 



est cumulative metric. 



Cumulative metric 


Node 


PTH 


Nb of bits 


Nb of symbols. 


M11 


N00-N11 


PTH11 


1 


0 


M10 


N00-N10 


PTH10 


1 


1 



Step 113: the last node of the top path Is N1 1 

The metric of the succeeding branches of last node of the top path 
are calculated as follows : 
M(N11-N20) = M20 
IVI(N11-N21) = M21. 
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Step 114 : the extended paths reaching nodes N20 and N21 reach a 
symbol node, thus step 115 Is implemented for nodes N20 and N21. 

Step-i-15 :-concatenation-of-the-eonsldered-unitary-Huffnaan-tFee-with- 

the Initial node at the reached symbol node N20 and N21. The resulting tree 
is shown on figure 7. 

Steps 116 & 117 : 
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Step 118: selection of the new top path, I.e. : the path having the 
smallest cumulative metric. 

(We assume that the smallest cumulative metric is Ml 1 + M21 ). 
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Step 121 : stop condition assumed not be verified. 
• step 113: the last node of the top path Is N21 « NOO. The metric of 
the succeeding branches of last node of the top path are calculated as fol- 
lows : 

M(N21-N34) = M*10 
M(N21-N35) = IVJ'11. 

Step 114 : the extended path reaching node N34 reaches a symbol 
node, thus step 1 15 is implemented for N34. 

Step 115 : concatenation of the considered unitary Huffman tree with 
the Initial node NOO at the reached node N34 as shown on figure 8. 

Steps 116 & 117 : deletion of the top path PTH21 from the stack and 
insertion of the extended paths. 
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smallest cumulative metric. 

(We assume that the smallest cumulative metric is M1 1 + M20). 
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are veiified at step 121 . 

Once the sequential decoding process Is finished, the post-processing 
takes place and generates soft-outputs. These soft-outputs must conse- 
quently be extracted from the paths that have been examined and stored by 
the stack decoding algorithm. 

Let {Pi,...,Pi^ be the r examined paths stored in the stack. A given 
path P/ (1 ^ i ^ r) is characterised by a length In bit Tw , a sequence of bits 
{xpi [1] xpi [Tpj]} and a cumulative metric nn . 

A first solution proposes to approximate the iog-ilkelihood ratio A (x 

m by: 

A(x[q)= n(t.O)-|i(t,l), 
where n (t, 1) (resp. n (t, 0)) is the minimum cumulative metric for ail 

the paths In the stack for which the t* estimated bit is 1 (resp. 0). 

if P* is the path selected by the decoding process, then If 5ap*[t] = i (I = 

{0, 1}), we have 

n(i, i)= MP*. 

As a consequence, for each time t, the minimum cumulative metric of 
the paths with complementary bit to the estimated sequence has only to be 
determined. 
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In a second solution, not only the best paths for both values 0 and 
1 for estimated bit are taken Into account, but ail the metrics in the paths 
stored by the stack algorithm. So, the log-likelihood ratio A (x [t]) is approxi- 
TRatfEl'by 

A(x[tl) = log( S e-^Pf/S e-»«'i) 

Tp,>=t Tp,>=t 
P.ffl=1 «p4tl=o 

Figures 9 and 10 show performance of the method according to the 
Invention compared with other methods for source decoding of variable- 
length sequences. 

The following method considered : 

• Hard, which is the traditional hard-input VLC algorithm, without 
any a priori knowledge, 

• KMAP, i.e. the MAP algorithm which consists in a Maximum A 
Posteriori decoding of VLC codes with exact a priori knowledge on the num- 
ber of symbols by frame. 

• SOSA1 denotes the Soft Output Stack Algorithm using the first so- 
lution to generate soft output values. 

• SOSA2 denotes the Soft Output Stack Algorithm using the second 
solution to generate soft output values. 

The following codes are considered in the communication chain: VLC 
code C given in Table 1 followed by convolutlonal code CCyt with coded bits 
punctured using the puncturing table defined in Table 2. The results are 
given In temns of Frame En-or Rate (FER) and Signal to Noise Ratio (SNR). 
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Table 1 : Short VLC code used in the simulations. 

111111111 
5 110 110 111 

Table 2: Puncturing table used In the simulations: puncturing rate 

R=8/9. 

Figure 9 first illustrates the perfomiance of both SOSA1 and SOSA2 
10 algorithnris for the same chain at the output of the VLC decoder 44 for vari- 
ous iterations. The size of the stacic Is set to 20. The two different solutions 
proposed are roughly equivalent, with perhaps a very small advantage to 
SOSA2. 

Figure 10 shows a performance comparison between the KMAP and 
15 the SOSA2 algorithms for the same chain at the output of the VLC decoder 
44 for various iterations. As foreseen by previous studies on hard outputs 
versions of these algorithms In particular [L. Perros-iy/Ieilhac and C. Lamy. 
"Huffmann tree based metric derivation for a low-complexity sequential soft 
VLC decoding". In Proceedings of ICC'02, volume 2, pages 783-787, New 
20 Yoric, USA. April-May 2002], both perform similariy for the first iteration. 
However, the gain of about 0.8 dB obtained with KMAP algorithm for 
FER=10"® after 4 iterations Is not completely reached with SOSA2 algorithm, 
which only provides about 0.3 dB of gain. 

The stack algorithm In only about 0.5 dB worse than KMAP algorithm 
25 for a much lower complexity. 

Yet, comparing these results with what would be obtained when re- 
placing the SISO VLC decoders in the receiver by a classical hard VLC de- 
coder (hence without iterating), the gain provided by the iteration process 
was found as being substantial. 

30 
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CLAIMS 

1- A method for source decoding a variable-length soft-Input code- 
words sequence (y [1 : T]) into a soft-output bit sequence (Av [1 : TJ), 

the variable-length soft-input input codewords sequence (y [1: TJ) en- 
coded in accordance with a VLC codewords table, 
characterized in that it comprises 

A. a first stage (100) of implementing a stack decoding algorithm 
for a sequential estimation of an hard-output bit sequence of said variable 
length soft-input codewords sequence, including storage of intermediate 
data contained in the stacl< and generated by the stack decoding algorithm ; 
and 

B. a second subsequent stage (102) of post-processing the 
stored intermediate data for generating the soft-output bit sequence (Ay [1: 
T]). a soft-output (A(x [t])) being provided for each bit. 

2- Method according to claim 1, characterized In that the first stage 
(100) of implementing the stack decoding algorithm comprises the steps of: 

- creating (111) an unitary tree associated with said VLC codewords 
table, said unitary tree comprising nodes linked by branches, a path being 
defined by the branches from, the initial node to each node of the tree; 

- implementing the following sub-steps from an initial node of the uni- 
tary tree by using a stack of paths, the stack having a current top path, each 
path being associated with a cumulative metric, the implementation being 
carried out until a set of stop conditions Is verified: 

• Computing (113) a metric M for each branch succeeding the cur- 
rent node of a current top path; 

• If (114) the last node of the current top path corresponds to a 
codeword, concatenate (155) the unitary tree with the current tree by placing 
the Initial node of the unitary tree at least at the last node of the current top 
path; 

• Deleting (1 1 6) the cunent top path from the stack; 

• Inserting (1 1 7), in the stack, new extended paths made of the cur- 
rent top path and the succeeding branches, the cumulative metric of the new 
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extended path being computed for each extended paths as the metric of 
current top path increased by the metric of the associated succeeding 
branch; and 

• Selecting (1 18) a new current top path according to the cumulative 
metrics associated to the paths. 

3- Method according to claim 2, characterized in that the metric asso- 
ciated to a branch leading to a node / at time t is defined as follows: 

m(l, y[t]) = - log P(y[t]l v(l)) - logp,(l) + log Po(y[t]) 

• where Np : the set of nodes having a predecessor ; 

• Pt{l) (/ 6 Np): the a priori probability of the branch reaching the 
node / at time t, 

• v{l) (I e Np): the value of the branch reaching the node /, v(l) e 

{0.1}; 

• Po(y [t]) : a Fano - Massey metric which allows to compare fairiy 
sequences of different lengths. 

4- Method according to claim 2 or 3, characterized in that the new cur- 
rent top path selected is the path having the smallest cumulative metric 
among the paths inserted in the stack. 

5- Method according to any one of claims 2-4, characterized In that 
said set of stop conditions comprises the fact that the current top path con- 
tains the number of bits and the number of codewords of the variable-length 
soft-Input codewords sequence (y [1 : T]). 

6- Method according to any one of the preceding claims 2-5, charac- 
terized in that the second subsequent stage (102) of post-processing the 
stored intermediate data comprises the step of approximating each soft- 
output A(x [t]) for each bit by: 

A(x[t]) = M(t.0)-p(t.1) 
where M(t, 1) Is the minimum cumulative metric for all the paths In the stack 
for which the t estimated bit Is 1 and |j(t. 0) is the minimum cumulative metric 
for all the paths in the stack for which the t estimated bit is 0. 

7- Method according to any one of the preceding claims 2-5, charac- 
terized In that the second subsequent stage (102) of post-processing the 



16 

stored intermediate data comprises the step of approximating each soft- 
output A(x [t]) for each bit by: 

A(x[t]) = log( S e-*«'./S e-»«'i) 

Tpf>=t Tp,>=t 
xp.[tl=1 xp,lt]=0 

Where Pi (i e [1,...r]) are the r examined paths stored in the stacl< and 
ixP'i Is the cumulative metric of path Pi.Tp, Is the length of path Pi and xpi (t) is 
the hard bit of an hard bit sequence corresponding to path Pi. 

8- A computer program product for a decoder, comprising a set of in- 
structions, which, when loaded into said decoder, causes the decoder to 
carry out the method claimed in any one of claims 1-7. 

9- A computer product for a computer, comprising a set of instruc- 
tions, which, when loaded into said computer, causes the computer to carry 
out the method claimed in any one of claim 1-7. 

10- A decoder for source decoding a variable-length soft-Input code- 
words sequence (y [1: T]) Into a soft-output bit sequence (Av [1: TJ), 

the variable-length soft-Input Input codewords sequence (y [1: T|) en- 
coded in accordance with a VLC codewords table, 
characterized in that it comprises 

means for Implementing a stack decoding algorithm for a sequential 
estimation of an hard-output bit sequence of said variable length soft-input 
Input codewords sequence, including storage means for storing intermediate 
data contained in the stack and generated by the stack decoding algorithm ; 
and 

means for post-processing the stored intermediate data for generating 
tiie soft-output bit sequence (Av [1: T]), a soft-output (A(x [t])) being provided 
for each bit. 

11- Metiiod for Iterative decoding a variable-length soft-input se- 
quence (2 [1: Tx n/k]) of Tx n/k bits comprising the following steps repeated 
for each Iteration r. 

- computing a variable-length soft-output bit sequence : TJ) by apply- 

ing a channel decoding method using as input the variable-length soft-input 
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sequence (z [1: Tx n/k]) and a priori probabilities ratio (* (r - 1) [1: n) 
calculated for the previous iteration (r- 1); 

- computing a variable-length soft-input codewords sequence (y<'^ [t]) de- 
pending on the variable-length soft-output bit sequence (Ac^[''' provided 
by applying the channel decoding method; 

- computing a variable-length soft-output bit sequence (A^^t]) by applying a 
method for source decoding according to any one of claims 1-7 using as In- 
put the variable-length soft-Input codewords sequence (y^'^pj) depending on 
the variable-length soft-output bit sequence (Ac'[1: T]) provided by applying 
the channel decoding method ; and 

- computing the a priori probabilities ratio (<|> (r) [1: T]) depending on the 
variable-length soft-input bit sequence iAP[t]) applied by said method for 
source decoding. 

12- Receiver for iterative decoding a variable-length soft-input se- 
quence (z [1: Tx n/k]) comprising means for implemented the following steps 
repeated for each Iteration r. 

- computing a variable-length soft-output bit sequence (aJ^[1 : T]) by apply- 
ing a channel decoding method using as input the variable-length soft-input 
sequence (z [1: Tx n/k]) and a priori probabilities ratio (♦ (r - 1) [1: Tj) calcu- 
lated for the previous Iteration (r - 1); 

- computing a variable-length soft-input codewords sequence {'/'^ [t]) de- 
pending on the variable-length soft-output bit sequence (a2'[1: T]) provided 
by applying the channel decoding method; 

- computing a variable-length soft-output bit sequence {aPIX]) by applying a 
method for source decoding according to any one of claims 1-7 using as In- 
put the variable-length soft-Input codewords sequence y^'>[t] depending on 
the variable-length soft-output bit sequence (aS^LI: T]) provided by applying 
the channel decoding method ; and 

- computing the a priori probabilities ratio ((j. (r) [1: T]) depending on the 
variable-length soft-Input bit sequence {APli]) applied by said method for 
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Method end device for source decoding a variable-length soft-Inout 

codewords seouence. 

ABSTFtACT 

The invention concerns a method for source decoding a variable- 
length soft-input codewords sequence (y [1: T]) Into a soft-output bit se- 
quence (Av [1: T]),the variable-length soft-Input input codewords sequence (y 
[1 : T]) encoded in accordance with a VLC codewords table. 

It comprises 

- a first stage (100) of implementing a stack decoding algorithm for a 
sequential estimation of an hard-output bit sequence of said variable length 
soft-input codewords sequence, Including storage of intemiedlate data con- 
tained in the stack and generated by the stack decoding algorithm ; and 

- a second subsequent stage (102) of post-processing the stored In- 
termediate data for generating the soft-output bit sequence (Ay [1: T]), a soft- 
output (A(x [t])) being provided for each bit. 

Use in decoder for video communication system 
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